Objective: Previous reports indicated that between-muscle substitution of active motor unit pools can be found in a variety of synergist muscles, including shoulder and leg muscles, but little information is available for the masticatory muscles. We hypothesized that, during a prolonged clenching effort performed at low-to moderate-bite force levels, a substitution pattern of activity can be found also in the masseter and anterior temporal muscles. Methods: Ten healthy volunteers were recruited and were asked to clench unilaterally on a force transducer for 10 min at 10%, 15%, and 20% of the maximum bite force. During each session, bite force, perceived muscle pain and electromyographic activity were continuously assessed. Data analyses were performed by means of cross-correlation and periodogram analyses. Results: During sustained static contractions, different contraction patterns of jaw elevator muscles could be identified. These included a coactivation pattern, a substitution pattern, and several intermediate situations between coactivation and substitution. Conclusions: The findings support the concept that the masticatory muscles are functionally heterogeneous and provide evidence that the neuromuscular strategies used by the masticatory system to perform sustained static contractions differ between individuals. Significance: Individual neuromuscular strategies might play a role in the development of masticatory muscle pain conditions.
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Introduction
Muscle hyperactivity has long been considered an initiating or perpetuating factor of masticatory muscle pain (Glaros et al., 1998; Laskin, 1969; Moller et al., 1984; Sheikholeslam et al., 1982) . The hyperactivity hypothesis has been tested by attempting to overload the masticatory muscles under experimental controlled conditions (Bakke et al., 1996; Clark et al., 1984 Clark et al., , 1989 Clark and Carter, 1985; Farella et al., 2001; Glaros and Burton, 2004; Jow and Clark, 1989; Svensson and Arendt-Nielsen, 1996; Svensson et al., 2001; Christensen, 1989) . The findings of these studies showed that moderate to high (i.e. P25% of maximum voluntary contraction; MVC) sustained static contractions of the masticatory muscles leads to unbearable pain and fatigue that impede the subjects from continuing the contraction task (Christensen, 1989; Clark and Carter, 1985; Clark et al., 1989) . Both pain and fatigue, however, disappear very quickly after task cessation and the masticatory muscles do not develop post-exercise tenderness, even when the endurance tests are repeated several consecutive days (Svensson and Arendt-Nielsen, 1996) . On the other hand, there is evidence that prolonged static contractions at lower contraction levels (i.e. <25% MVC) may significantly reduce bite force and jaw opening capacity (Svensson et al., 2001) , and lead to pain and tenderness in the masticatory muscles (Glaros et al., 2000; Glaros and Burton, 2004) , which are the most common signs and symptoms of temporomandibular disorders (TMD).
Tooth clenching is frequently reported by patients experiencing persistent masticatory muscle pain (Huang et al., 2002; Velly et al., 2003) . It should be noted, however, that so-called bruxers (i.e. people who clench or grind the teeth at wake and/or sleep time) do not always feel masticatory muscle pain (Dao et al., 1994) , and may react to bruxism with an enlargement and/or hypertrophy of the masticatory muscles (Balatsouras et al., 2004; Da Silva and Mandel, 2006; Kato et al., 2001; Mandel and Kaynar, 1994 Clinical Neurophysiology 120 (2009) 190-197 Contents lists available at ScienceDirect Clinical Neurophysiology j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / c l i n p h
